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With recognition of the biomechanical role of the meniscus, such as load distribution and joint stability in the knee joint, there has been a shift in the 
treatment of meniscal tears from open total meniscectomy to preservation of the meniscal functions as much as possible with symptomatic relief. 
Recently, technical development of meniscal surgery, with advanced arthroscopic equipment and instruments, enables biological reconstruction of 
load bearing functions in the meniscus deficient knee through allograft tissue transplantation as well as repair of torn menisci. Meniscal allograft 
transplantation (MAT) has been considered as one of the few viable treatment options for the young meniscectomized knees based on various 
animal experiments and clinical studies. Still, there is insufficient evidence for the long-term chondroprotective effect of human MAT. Some long- 
term follow-up studies showed that the technique resulted in graft degeneration, deformation, and tear, and structural changes in the remodeling 
process in early MAT cases, disrupting functional restoration of the original meniscus. Nevertheless, advanced outcomes are documented in some 
recent studies. The purpose of this article is to review the mid- and long-term follow-up results of MAT and to improve understanding of MAT with 
evaluation methods of meniscal transplants using magnetic resonance imaging or second-look arthroscopy. 
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Introduction 

The goal of the treatment of torn menisci was symptomatic 
relief through open total meniscectomy in the past. However, 
the surgical treatment has been shifted for preservation of 
meniscal functions as well as symptomatic improvement 1,2 ' 
with growing recognition of the importance of biomechanical 
functions of the meniscus, such as the chondroprotective 
effect 3 ' 4 ' through load distribution and knee joint stabilization 5 7) . 
Currently, transplantation of allograft meniscal tissue is used 
for reconstruction of biomechanical properties of the meniscus 
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in the meniscus-deficient knee with the aid of advanced 
arthroscopic equipment, instruments, and techniques 8 " 11 '. 

The ideal long-term result of meniscal allograft transplantation 
(MAT) is delay of articular cartilage degeneration, which is 
still to be proven by substantial evidence 12 ' 13 '. Although some 
animal model studies have shown that MAT can restore 
chondroprotective function of the meniscus to a certain level 14 ' 15 ', 
the transplanted menisci failed to provide complete restoration 
of the functions of the original meniscus. In most studies of the 
early MAT cases, significant degeneration, deformation, and 
tear, and structural changes of the transplant were observed 
during the remodeling process 1618 '. However, MAT is considered 
as one of the effective alternative options for symptomatic 
meniscectomized knees because there are few viable treatment 
strategies in these patients. 

Although there are a number of research and literature on MAT, 
it is not easy to assess their outcomes due to the small number 
of subjects, various meniscus preservation techniques, operative 
methods, and indications, various concomitant procedures 
including anterior cruciate ligament (ACL) reconstruction, high 
tibial osteotomy (HTO), and cartilage repairing procedures, in 
addition to the absence of established evaluation methods. The 
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purpose of this article is to improve the understanding of MAT 
with a review of the mid- and long-term follow-up results and 
recent published data using objective evaluation methods of 
meniscal transplants. 

Long-term Follow-up Results of Early MAT Cases 

The established purpose of human MAT is to relieve pain 
and improve functions in the meniscectomized knee 8 10 ' 12,13) . 
In addition, the orthopedic surgeons now expect the meniscal 
transplants to provide a chondroprotective effect for joint 
preservation in the long-term follow-up. In 1984, Milachowski 
et al. 19) first performed MAT in ACL reconstruction on human 
subjects in an attempt to promote synergistic effects by restoring 
secondary restraint function of the posterior horn of the medial 
meniscus against anterior instability based on their animal 
experiments in sheep. In their study, only three transplanted 
menisci had to be removed out of 22 cases for a minimum 14 
months of follow-up. Wirth et al. 16) evaluated the clinical outcome 
of MAT in 23 cases consisting of 22 cases in the abovementioned 
study and 1 additional case with a lyophilized graft at 3 years and 
14 years postoperatively. The overall results were satisfactory 
although the Lysholm score decreased from 84 points at 3 years 
postoperatively to 75 points at 14 years postoperatively. They 
compared the 23 MATs with two control groups that underwent 
isolated ACL reconstruction without MAT (one with previous 
experience of meniscectomy and the other one with intact 
menisci). The clinical results were better in the deep frozen graft 
group than the lyophilized graft group. The lyophilized graft 
exhibited more shrinkage than deep frozen grafts on magnetic 
resonance imaging (MRI) and second-look arthroscopy The 
results of the lyophilized graft group were more comparable to 
the meniscus-deficient control group, whereas the deep frozen 
graft group produced more similar results to the control group 
with intact meniscus. Of these Milachowski's cases, 5 cases with 
a deep frozen graft were evaluated at 20 years postoperatively by 
von Lewinski et al. 17) . The Lysholm score ranged from 21 to 97 
points, indicating the clinical results were good in some cases. 
Although the overall results were satisfactory, clear radiographic 
evidence of degeneration was observed in all patients: the 
Kellgren-Lawrence grade was 2 in 2 patients, 3 in 2 patients, and 
4 in only 1 patient. 

In another recent report by Binnet et al. 18) , all of the 4 patients 
had grade 4 degenerative arthritis at 19 years after lyophilized 
graft transplantation combined with revision ACL reconstruction, 
indicating the importance of graft preservation. Currently, 



lyophilized grafts are rarely used in meniscus transplantation 
due to the risk of significant changes in the tissue properties and 
severe shrinkage of meniscal transplants. 

These long-term follow-up results of early MAT cases appear 
less than promising. However, it should be taken into consider- 
ation that Milch owski et al. 19) used contralateral lateral menisci 
for medial meniscus transplantation in 1 1 of the 22 patients 
in the absence of established surgical techniques without re- 
cognition of the importance of joint congruity and graft size. 
Recent biomechanical studies have shown that placement of 
an inappropriately sized graft has a negative impact on the 
functional recovery of the meniscus. 9 ' 20,21 ' Precise implantation of 
an appropriately sized allograft using a proper surgical technique 
is essential for good prognosis of MAT 22 " 25 '. In addition, lyo- 
philized grafts were used in many of the early MATs and medial 
MATs were performed as an additional procedure in ACL 
reconstruction. Therefore, we think that the long-term efficacy 
of MAT should be evaluated based on studies that involve a high 
volume of cases and the use of currently preferred cryopreserved 
or deep frozen size-matched grafts. 

The mid-term failure rate of cryopreserved graft transplantation 
was as high as 35% 26 ~ 28) . In a study by Strollsteimer et al. 26) , 8 (35%) 
out of 23 patients required a second operation due to meniscal 
symptoms at 13-69 months after MAT. In a 2- to 8-year follow- 
up study by Rath et al. 27) , transplant removal was necessitated in 
8 (36%) out of 22 cases with a cryopreserved graft at a mean of 
31 months postoperatively, van Arkel and de Boer 28) analyzed the 
survival rate of cryopreserved meniscal allografts at a mean of 60 
months of follow-up. When failure was defined as persistent pain 
and meniscal transplant tear, the cumulative survival rates of the 
lateral, medial, and bilateral allografts were 76%, 50%, and 67%, 
respectively. The failure rate was high in the ACL-deficient knee 
with ligament instability 

There are some recently reported long-term follow-up studies 
that demonstrate more favorable results. Hommen et al. 29) 
followed 20 cases for a mean of 141 months after cryopreserved 
graft transplantation and observed improvement in the Lysholm 
score and pain score in 90% of the patients. However, when 
failure was defined as <65 Lysholm score or no improvement in 
pain score, the failure rate was 35%. On the objective evaluation 
results, radiographic joint space narrowing was observed in 10 
out of 15 patients, moderate meniscus shrinkage was noted in all 
of the 7 patients who underwent MRI, 3 of which had grade III 
signal intensities. Thus, the 10-year survival rate of the allografts 
based on the clinical outcome and the objective evaluation results 
became 45% (9 in 20 patients), van der Wal et al. 30) assessed the 
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results of 63 open meniscal transplantation procedure using a 
cryopreserved graft at a mean of 13.8 years postoperatively. They 
suggested that the procedure would be a good salvage option 
with an overall failure rate of 29% in the meniscectomized knee 
in spite of functional deterioration (Lysholm score, 61 points) at 
the last follow-up. 

Graft Survivorship and Concomitant Realignment 
Surgery 

Ligament instability and malalignment lead to abnormal load 
bearing on the affected compartment of the knee, which can be 
the cause of early failure of an MAT 3 . van Arkel and de Boer 32) 
reported that isolated cryopreserved graft transplantation failed 
at a mean of 2 years postoperatively because the graft had become 
detached from the capsule in 3 cases with a poor Lysholm score 
out of 23 cases. In 5 of 12 cases that were available for second- 
look arthroscopy, the graft was detached from the capsule due to 
revascularization failure caused by malalignment. Thereafter, the 
importance of malalignment correction is well documented in 
several studies. In a study by Cameron and Saha 31) , although an 
advanced osteoarthritic change was present in all of the 67 cases 
(63 patients), the results were good to excellent in 29 (85.3%) of 
34 cases that underwent realignment osteotomy in combination 
with MAT. In a study by Verdonk et al. 33) , when failure was 
defined as moderate occasional or persistent pain or poor 
function, 28% of the medial and 16% of the lateral MATs failed 
out of a total of 100 MATs at a mean of 7.2 years postoperatively. 
The cumulative survival rates at 10 years postoperatively were 
74.2% for the medial allografts and 69.8% for the lateral allografts. 
In cases where medial MAT was performed in combination 
with a HTO, the survival rate was 83.3%. However, their analysis 
was based on the clinical scoring and symptoms without any 
comparison with a control group where only HTO was per- 
formed. Considering that the 10-year cumulative survival rate 
of HTO in recent studies were as high as 79% 34) and 92% 35) , it 
is difficult to determine whether the 83.3% of high success rate 
can be attributable to HTO or the synergistic effect of the two 
procedures in the MAT with HTO group. In addition, we think 
the condition of grafts itself should be evaluated in an objective 
manner, such as MRI scan or second-look arthroscopy. Verdonk 
et al. 24) assessed the clinical and radiological outcomes of 42 cases 
of MAT with a minimum follow-up of 10 years. The Hospital for 
Special Surgery score was higher in the MAT with HTO group 
than in the isolated MAT group. There was no progression of 
joint space narrowing on radiography in 13 (41%) out of 32 



cases. Fairbank changes were stable in 9 of the 32 cases. MRI 
showed no progression of cartilage degeneration in 6 (35%) out 
of 17 cases, but an increased signal intensity of the meniscal 
allograft and graft extrusion were present in most of the patients 
at the last follow-up. The 10-year cumulative success rate was 
more than 80% including 7 cases (18%) that underwent total 
knee arthroplasty (TKA). However, the study did not include an 
objective analysis on the graft condition and HTO. 

Preexisting Cartilage Degeneration of MAT 
Candidates 

Although MAT has been known to produce poor results in 
the knee with preexisting cartilage degeneration 10 ' 32,36 ', some 
recent studies have shown the results of MAT combined with 
a cartilage procedure. Stone et al. 37) reported the results of 119 
transplantations of meniscus allografts (94 deep frozen grafts, 
24 cryopreserved grafts, and 1 irradiated graft) that were 
performed concurrently with cartilage repair in patients with 
severe articular cartilage damage. During a mean 5.8 years of 
follow-up, failure occurred in 25 cases (20.1%) at a mean of 4.6 
years postoperatively, and TKA was necessitated in 18 cases at 
a mean of 5.1 years postoperatively. The mean survival time for 
the whole series was 9.9 years and this is relatively good results 
considering that 53 cases (46%) were more than 50 years of 
age and preoperative severe arthrosis was present in all cases. 
Harris et al. 12) conducted a systemic review of 6 studies on MAT 
combined with a cartilage repair procedure, such as autologous 
chondrocyte implantation (n=73), osteochondral allograft 
transfer (n=20), osteochondral autograft transfer (n=17), and 
microfracture (n=3). The outcomes of the combined procedures 
were comparable to those of either procedure performed alone 
in 4 of the 6 studies, whereas less favorable in the other 2 studies, 
and the overall failure rate was 12%. 

Evaluation Methods for Meniscal Transplants 

In most studies, the outcomes of MAT have been evaluated 
using clinical parameters, such as the Lysholm score, International 
Knee Documentation Committee score, and visual analog scale. 
Therefore, the proven benefits of the procedure are pain relief 
and functional improvement. However, these clinical assessments 
do not accurately reflect the status of meniscal transplants. It is 
more worthwhile to thoroughly assess graft condition itself and 
joint preservation effect in objective evaluation studies with a 
high level of evidence. Arthroscopy is the most accurate objective 
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evaluation method but is an invasive modality. Thus, MRI scans 
are more commonly used as a relatively reliable and noninvasive 
evaluation method. Noyes et al. 36) used MRI in 29 out of 40 cases 
at a mean of 35 months postoperatively, which showed more 
than grade 3 signal intensity in 3 cases, and knee joint arthrosis 
(normal/mild in 22 cases and moderate in 18 cases). 

Recent short- or mid-term objective evaluation studies provide 
more favorable results than past studies in the literature. Ha et 
al. 38) performed second-look arthroscopy at a minimum of 2 
years after medial MAT in 1 1 out of 22 cases, which revealed 
complete healing in more than 80% of the patients and cartilage 
degeneration in 4 cases (36.4%). Kim et al. 39) confirmed with 
MRI or second-look arthroscopy that the allografts were graded 
as satisfactory in 20 cases (69.0%), fair in 5 cases (17.2%) at a 
minimum of 2 years after 29 isolated lateral MAT. Zhang et 
al. 40) observed failure in 2 (11%), alteration of characteristics 
in 10 (56%), and normal characteristics in 6 (33%) out of 18 
cases on second-look arthroscopy performed at a mean of 2 
years after MAT. In a study by Marcacci et al. 41) , pain relief and 
functional improvement were obtained in 94% of 32 cases at 
a mean of 40 months after MAT and MRI showed improved 
cartilage condition on the femoral side and tibial side at a mean 
of 36 months postoperatively. Kim et al. 42) reported objective 
evaluation results of MAT using bone fixation. In their series, 
MRI or second-look arthroscopy was performed in 1 10 (95.7%) 
out of 115 cases at more than 2 years postoperatively and the 
results were graded as satisfactory in 90 (81.8%), fair in 8 (7.3%), 
and poor in 12 cases (10.9%). 

Meniscal Transplants Not Better Than Normal But 
Maybe Better Than Absent 

A certain level of degeneration or tear is commonly observed 
in the meniscal transplant 8 '. Therefore, the orthopedic surgeons 
should keep in mind that transplanted menisci cannot restore 
perfectly the normal meniscal function but just improve functions 
with a possible chondroprotective effect in the meniscectomized 
knee 43) . In addition, patients should be educated beforehand 
about the postoperative knee joint condition that cannot be 
comparable to normal knee joint due to the preexisting articular 
cartilage damage and advised to engage in light sports activities. 
The original meniscus cannot be supplanted by MAT, and 
therefore total or sub-total meniscectomy should not be decided 
easily in young patients if the status of a torn meniscus allows 
suture repair. 

On the other hand, MAT can result in poor outcomes after 



the patients present with severe painful joint that are typical 
indications of mat 10,32,36 ', because advanced articular cartilage 
damage may be present frequently in such patients 12,36 ' 37 '. It is our 
understanding that even in the presence of mild symptoms, if 
significant articular cartilage damage is present or progression of 
the damage is noted on high-resolution MRI, early decision for 
MAT should be considered for the good prognosis. 

Conclusions 

MAT is a useful treatment method for functional improvement 
and symptomatic relief in the symptomatic meniscectomized 
knee. It has been established in mid- and long-term studies 
that MAT is effective for reduction in pain and swelling and 
improvement of knee function. In addition, some animal studies 
have shown that the technique provides a chondroprotective 
effect after meniscectomy, although the protection is not 
complete compared to the normal meniscus 15,44 '. However, there 
are not sufficient comparison studies with high level evidence, 
such as randomized controlled studies, for determining its 
efficacy in human subjects. In addition, more long-term follow- 
up studies should be conducted to assess the effect of preventive 
application of MAT. 
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